Modes above the cutoff frequency of the ISABELLE vacuum chamber have been investigated to ascertain the microwave longitudinal coupling impedance. (The investigation is limited to those modes that have fields in the beam pipes.) Perturbation measurements of the electric fields were made between 2.6 and 2.8 GHz. A phenomenological method of calculating these impedances was developed. There was excellent agreement between the calculated and measured impedance. The theoretical results were then extrapolated to 5.5 GHz.
Summary
Modes above the cutoff frequency of the ISABELLE vacuum chamber have been investigated to ascertain the microwave longitudinal coupling impedance. (The investigation is limited to those modes that have fields in the beam pipes.) Perturbation measurements of the electric fields were made between 2.6 and 2.8 GHz. A phenomenological method of calculating these impedances was developed. There was excellent agreement between the calculated and measured impedance. The theoretical results were then extrapolated to 5.5 GHz.
Definition of Coupling Impedance
The coupling impedance, Z, between the beam and cavities, formed by the vacuum chamber, is identical to the definition of shunt impedance, R., used for linear accelerators, and is defined as Z = RR [ Edz] f P(z)dz.
( 1) L is the length of the cavity, P(z) the power loss and E = EOF(z)f(z,t), where Eo is the peak field, F(z)
is the spatial field distribution as a function of z, and f(z,t) is dependent on the particle's velocity and position in relation to the phase of the rf field.
If we consider a cavity that has a periodic length L, then F(z) can be decomposed into a Fourier series having spatial harmonics: (7) with Eq. (4), it is apparent that for synchronous particles with Q = 0, we get a maximum Rs for h = k (an integer). Therefore, Eq. (7) reduces to 2Q f axL21) VS 6 DIAGRAM. -
Since we are interested in particles with velocity vp c, we must now find the spatial harmonics that match this particle velocity, that is VP = v<, = c. By plotting the line vp = c in Fig.   2 which corresponds to the interaction of a spatial harmonic wave and particle wave both traveling with a velocity equal to c, and the resulting Rs = 685Q.
RESULTS OF MEASUREMENTS
Of interest is the total impedance around the ring as seen by the beam and expressed as a ratio of Z/n, where Z = Rs x Lo/L (where Lo is the total length of the structure around the ring and L, as before , is the length of a single cavity), and n = fm/fo (where fo = 78kHz, the fundamental rotational frequency of the ISA). For the results given in this paper we used the approximate relation that Z = 400 x Rs. Figure 5 is a plot of the measured Z/n for different modes between 2.6 and 2.8
GHz. It should be noted that some of the modes have a Zn = 0. These modes all have a value of n + h equal to an odd number, and from Eq . (8) At first, the finding of such high Z/n values above 2.8 CHz created some doubt about the results but a simple argument can be made to account for these high values. As the frequency increases some of the modes contain a large spatial harmoic component having a phase velocity v, = c. It is these components which couple strongly to the beam and are responsible for the high values of Z/n. A further check was made by making some spot measurements between 3.0 and 3.6 GHz. Fig. 4 to within +30%. The large measurement errors were due to the lack of proper equipment. Even considering the most optimistic results, the values of Z/n are high enough to be of concern.
If the impedances as measured prove to be troublesome, it would be necessary to change the design of the structure. Some thought has already been given to design changes which would lower the values and thereby reduces these impedances. Any major change must be carefully considered for its possible impact on other machine design parameters.
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